In this communication, the authors have obtained an expression for the third harmonic component of the current density in a magnetoplasma, when the electric field is at right angles to the direction of the magnetic field, by setting up and solving Boltzmann's transfer equation for electrons; in the expansion of the distribution function of electron velocities, the coefficient of v:i has also been taken into account. This expression has been substituted n the appropriate wave equation and the solutions have been used to study the generation of third harmonic of an electromagnetic wave in a magnetoplasma and on reflection from a magnetoplasma free-space interface, when the direction of propagation of the wave is along the magnetic field. Some numerical results depicting the phenomenon of resonance have also been given. An interesting result is that, when a pure mode of the fundamental propagates in a magnetoplasma, only the, other mode of the third harmonic will be generated. § l. Introduction
In the presence of a strong alternating electric field, the isotropic part of the distribution function of electron velocities in a plasn1a is time dependent; taking this time dependence into account, Margenau and Hartman 1 l have predicted the existance of odd harmonics in the current density. Rosen, 2 l using the approach of Margenau and Hartman/) has obtained an expression for the third harmonic component of the current density in a plasma in the presence of an electric field and in the absence of a magnetic field. The form of the expansion that Rosen 2 l (following Margenau and Hartman 1 l) has used for the distribution function of electron velocities is
where U) is the frequency of the applied alternating electric field directed along the x axis and Vx is the x component of the electron velocity v. Gurevich 3 l has pointed out that in the calculation of high frequency plasma disturbances it is necessary to take the coefficient of ·vu 2 (in the expansion of the distribution function) i:hto account. Since the dissertation by Gurevich 3 Gurevich 3 l has treated the problem of combination of frequencies in a plasma in the absence of a magnetic field and confined his treatment to the case, when the electron collision frequency is proportional to electron velocity. Recently Sodha and Kaw 5 ) have investigated the g~neration of the third harmonic in a plasma (in the absence of a magnetic field) taking into account the coefficient of v:/ in the expansion of J: This treatment predicts a finite third harmonic component of the current density in the case when the electron collision frequency is independent of electron velocity; Rosen's approximate theory 2 l (neglecting the coefficient of vx 2 ) had predicted that the magnitude of the third harmonic component would vanish in this case. Considerable differences in the magnitudes of the third harmonic component of current density as predicted by the two treatments, have also been found 5 l 1n the cases when the electron collision frequency is proportional to the first or the second power of electron velocity.
In this communication, the authors have modified the above expansion of f [Eq. (1) ] in the manner suggested by Gurevich 3 l and have used it for obtaining an expression for the third harmonic component of current density in a plasma in the presence of an electric field as well as a magnetic field ; this expression has then been used to study the generation and propagation of third harmonic. of an electromagnetic wave in a magnetoplasma. To keep the mathematics manageable, in the present treatment the authors have assumed that the electron collision frequency is proportional to some power of electron velocity; this assumption is valid in a large number of physical situations. The case, when the electron collision frequency is independent of electron velocity, has been investigated in some detail. Sodha and Kaw 6 l have found that in this case the third harmonic component of the current density vanishes if the coefficient of ·vx 2 is neglected in the expansion of f; in the present treatment this component is of finite magnitude. Resonances in the amplitude of the third harmonic component of current density are predicted by the theory for the cases when the incident frequency w is either uhr or (u>u/3) where wH is the gyrofrequency of electrons in the external magnetic field; some numerical results illustrating this phenomenon have also been presented.
Whitmer, Barrett and Tetenbaum
) have also considered the non-linear generation of harmonics and combination frequencies in the presence of a magnetic field in a plasma layer of finite thickness; the mechanism underlying their treatment is different from that of Margenau and Hartman,Il Rosen, 2 l Gurevich 3 l and authors in the present paper. Whitmer, Barrett and Tetenbaum 7 ),B), 9
) consider non-linearities arising from the variation of the electron density with the applied alternating electric field. This seems to be applicable to some laboratory plasmas ; but for the ionosphere, as pointed out by Ginzburg and Gurevich, 4 l the collisional effects of the wave are much more important (about ten times or so for the E layer) than the space charge effects and hence the present treatment should be valid.
When the fundamental frequency is around the plasma frequency (viz. when Moriyama and Sumi 10 ) have considered the appearance of third harmonic terms in the current density in a plasma due to an alternating electric field, in the absence of a magnetic field ; this range of frequency has not been considered in the present treatment. § 2. Third harmonic co1nponent of current density in a magnetoplasma
Boltzmann's transfer equation for electrons in a uniform magnetoplasma rna y be written as
where f(v) IS the distribution function of electron velocities,
a'
IS the acceleration of electrons, v IS the electron velocity, t is the time, and (8fj8t)c is the rate of change of f due to collisions.
The acceleration a' of electrons in the presence of an electric field Eo X exp (i(J)t) and a magnetic field B 0 is given by 
where the first two terms on the right-hand side represent the entire isotropic part of the distribution function (to be denoted by f 0 in future) and all the f's are functions of v only.
It can be shown that for a Lorentzian plasma (Morse et al.
where v is the number of elastic collisions of electrons with neutral molecules per sec., i.e. the electron collision frequency, M is the mass of a molecule, k is the Boltzmann's constant, and T is the temperature of the gas in o K.
Proceeding as in the Appendix one can write for the x and y components of the third harmonic current density,
E 00 is an arbitrary normalizing parameter, and analytic expressions for A1, A2, A 3 and A 4 for some special cases are given in the Appendix. The coupled components of the third harmonic current density in a magnetoplasma are thus given by
and
Thus, the amplitudes of the third harmonic current density components are of Table I . The x and y components of the current density due to an electric field E given by and
Ez=O (9) in the presence of a magnetic field Bo = kBo is given by (using the results of Sodha and Palumbd , e2N ~~exp( -u2) ~l fcv:~~;1~)}du
The expressiOns for C 3 and 13 3 may be obtained by replacing w by 3(1) in the above expressions. The expressions for C1, B1, C 3 and Bs are based on a Maxwellian electron velocity distribution; their use is justified because the nonMaxwellian terms in velocity distribution will involve a and when substituted in Eqs. (lOA) and (lOB) their contributions to the third harmonic component of current density will be of the order of (m/ lv!) a 2 which is much smaller than
Consider a plane polarized electromagnetic wave to be propagating along the z direction (the direction of magnetic field) in a uniform neutral magnetoplasma.
For wave propagation along the z direction in a uniform neutral plasma, Maxwell's equations reduce to E ,U. -~2E + 47£,U. (12) where E is the dielectric constant and /L is the magnetic permeability of the plasma.
and From Eqs. (9), (10) and (12) respectively, where
E{J)
(.) 112
Following the method of successive approximations due to Epstein/ 
where (18) and only terms up to the order of (m/ lv!) a have been retained in the third harmonic components. From Eqs. (17) it is seen that the amplitude of the electric vector of the third harmonic of an electromagnetic wave is of the order of (ma/ M) c 1 3 E 00 or e 2 /6muikT times the cube of the amplitude of the electric vector of the fundamental. It is also seen from Eqs. (17) that the amplitudes of the ordinary and extraordinary modes of the third harmonic of an electromagnetic wave are respectively proportional to the amplitudes of the extraordinary and ordinary modes of the fundamental. Thus, if we send a pure mode of the fundamental in a plasma, only the other mode of the third harmonic will be generated. The growth of the two modes of propagation of the third harmonic of an electromagnetic wave in a magnetoplasma can be studied with the help of Eqs. .
•
Since Ex, Em (1/tt) (dEx/dz) and (1/tt) (dE 11 /dz) are continuous across ~=0, we may equate the expressions for c 1 x ± ic 1 y, csx ± icay, (1/ ,Lt) (d/ d~) (clx ± ic1y) and ~~~,£a~t~~~: 
It is seen from Eqs. (17) and (24) that the amplitude of third harmonic of an electromagnetic wave in a magnetoplasma and on reflection from a magnetoplasma free-space interface is proportional to a; 4 , a;~, a2~ and a~~ which have maxima around w = uJH and ()) = wH/3 (because A1, A 2 , As and A 4 have maxima around these frequencies, see the Appendix); hence we expect resonances 1n the amplitudes of the third harmonic in the vicinity of these frequencies. The sharpness of these resonances is, however, completely flattened by the increase in the relevant propagation parameters around these frequencies.
To obtain a little insight into the order of magnitude of the third harmonic present in the reflected wave (when the incident wave is plane polarized along the 
On averaging the rest of the terms and remembering that < vxvy 
